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A prominent concept in ecology is the 
so-called Green World hypothesis, 
which emphasizes the role of 
predators and indirect effects in 
shaping ecosystems. The hypothesis 
is that predators will indirectly support 
producer populations, i.e. plants, by 
consuming herbivores. For example, 
in now classic studies by Carpenter 
and colleagues it was shown that the 
introduction of fish that prey on algae-
eating zooplankton to freshwater 
lakes can have dramatic effects on 
algal populations, turning the water 
from clear to green and back again, 
depending on the presence of the 
predatory fish. But top-down trophic 
cascades like this and bottom-up 
models, which place emphasis on 
the producers, are not sufficient 
to completely understand natural 
ecosystems. 
Underscoring the complexity of 
these interactions, a paper in the 
latest issue of the American Naturalist 
by Dean Pearson, a scientist at the 
US Forest Service, Rocky Mountain 
Research Station, reports the latest 
in a series of experiments that show 
how an invasive plant can dramatically 
alter a predator–prey relationship, with 
knock-on effects to closely linked (in 
an ecological sense) species.
The subjects of Pearson’s study 
include Centaurea maculosa, an 
invasive perennial plant called a 
forb; Dictyna, a genus of spiders 
that uses C. maculosa as a scaffold 
for its web; and Urophora affinis, 
the spider’s insect prey, which lays 
its eggs in the flower heads of host 
plants. C. maculosa has invaded the 
grasslands of the American West 
from eastern Europe and differs from 
native forbs in two important ways: 
it can exist at much higher densities 
and its stem architecture is larger 
and more elaborate.
These two characteristics have 
important ramifications for the spider 
and its prey: higher plant densities 
mean more substrates for web 
spinning, and thus increased spider 
populations, while the expansive 
stem structures support larger, more 
effective webs. These two facts were 
established by Pearson’s previous 
work, in which he was able to show 
that the invasive forb supports a  
46-fold increase in spider density and 
that the larger webs trap twice as 
many prey. Herein lies the novelty of 
the work; these facts suggest a non-
traditional community interaction in 
which a plant is functioning as a kind 
of ecosystem architect by supporting 
larger predator populations and 
altering predator behavior by allowing 
it to spin a larger web. 
As Pearson explains in his recent 
paper, the contributions of the two 
effects of the invasive forb — referred 
to by experts as density- and trait-
mediated effects, respectively —  
are difficult to disentangle from 
one another in the field as they are 
often inter-related. For example, 
though Dictyna does not display this 
behavior, a spider could (and some 
species do), in principle, produce a 
more effective web by using multiple, 
nearby stems. In this case, one would 
predict that changing the planting 
density would affect web architecture 
and thus prey capture rates. This 
potential for density- and trait-
mediated effects to correlate with 
one another has been a confounding 
factor in previous work focused on 
predator–prey systems. 
Regarding the relative importance 
of the two effects, Pearson says, 
“Current literature on the subject 
suggests very strongly, almost 
devoutly, that the trait pathway is as 
strong, or stronger, than the density 
pathway in indirect interactions, but 
the work has always examined only 
the traditional top-down predator–
consumer–producer pathway”.  
To isolate the density- and trait-
mediated effects in his system, 
Pearson set up experimental plots at 
the University of Montana, in which 
he varied the planting density or size 
of the web substrate, the latter by 
trimming the stems of C. maculosa. 
The results clearly showed that, while 
both manipulations could increase 
insect capture rates and reduce prey 
populations, the density effect was 
much stronger (over 4-fold) than the 
trait effect. Furthermore, increasing 
plant densities could reduce insect 
populations sufficiently to improve 
the fecundity of the host plants on 
which the insects lay their eggs. So, 
at least in this experimental setting, 
an invasive plant can dramatically 
alter a predator–prey relationship, 
with the effects being propagated to a 
secondary ‘receiver’ species. 
This work also highlights the need 
to look beyond food chains to more 
complex community interactions, 
in which primary producers can be 
‘ecosystem engineers’, providing 
structures that serve as shelters, 
ambushes, and essential structural 
elements necessary for prey capture. 
The findings also suggest that some 
good can come from invasions that 
provide insight into how ecosystems 
function. 
Cyrus Martin looks at a study 
showing how an invasive plant can 
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Branching out: A new plant offers spiders new opportunities. (Photo: Dean Pearson.)
